Arginine biosynthesis in Pseudoinonas aeruginosa proceeded via transacetylation of acetylornithine with glutamate ; it resembled Micrococcus glutamicus rather than Escherichia coli. Of four arginine biosynthetic enzymes, N-acetyl-y-glutamokinase, N-acetylornithine glutamate transacetylase, ornithine transcarbamylase and argininosuccinase determined under various conditions of arginine excess and deprivation, only ornithine transcarbamylase (OTCase) varied. It appeared to be fully derepressed in the wild-type strain grown in minimal medium and partially repressed in the presence of arginine. OTCase was also partially repressed in all arginine auxotrophs, even when deprived of arginine. OTCase was derepressed in bradytrophic revertants of arginine auxotrophs grown in minimal medium, but its level was never greater than that in the wild-type. The level of endogenous arginine in the wild-type strain grown in minimal medium is probably insufficient to effect repression. Exogenous arginine is more effective in repression when present as the sole carbon source.
INTRODUCTION
Arginine biosynthetic pathways differ amongst various micro-organisms in the actual biosynthetic sequence, the mechanisms of control and in the arrangement of genetic loci. In those bacteria studied, arginine synthesis proceeds via ornithine and citrulline. Micrococcus glutamicus and several other bacterial species, including Pseudomonas~uorescens, synthesize ornithine by transacetylation of acetylornithine and glutamate (Udaka & Kinoshita, 1958 ; Udaka, 1966) , in contrast to the hydrolysis of acetylornithine which occurs in ornithine synthesis in Escherichia coli (Vogel & Bonner, I 956) , Proteus mirabilis (Prozesky, 1967) , Serratia iizarcescens and certain other enteric bacteria (Udaka, 1966 ). Udaka's (1966) survey demonstrated that, in those organisms which produced ornithine by transacetylation, the second enzyme, N-acetyl-y-glutamokinase, was subject to feedback inhibition by arginine, whereas the first enzyme, N-acetylglutamate synthetase, was inhibited by arginine in those organisms producing orni thine by direct hydrolysis of acetylornithine.
Pathway-wide variation of arginine biosynthetic enzyme levels under different conditions of arginine availability occurs in Escherichia coli strains K 1 2 and w (Maas, 1961; Bacon & Baich, 1963; Baumberg, Bacon & Vogel, 1965) and in Proteus mirubilis (Prozesky, I 969). Exogenous arginine decreases enzyme levels of E. coli strains K I 2 and w, but induces slightly in E. coli B (Gorini & Gunderson, I 961) ; mutation in a regulatory gene changes this induction response to the repressible phenotype of E. coli K I~ (Jacoby & Gorini, 1967) . In Saccharoi.~i~~es cerevesiae, of the several enzymes examined, only ornithine transcarbamylase levels vary in response to arginine excess or deprivation (Middelhoven, I 969) . To date, 110 instances of comparable pathway-wide variations in enzyme levels have been demonstrated in Pseudornonas. For the tryptophan pathway in Pseudomonasputida induction of two enzymes, repression of three other enzymes and constitutivity of the remaining enzyme occurs (Crawford & Gunsalus, 1966) . In P. aeruginosa, four of the six enzymes involved in pyrimidine synthesis appear to be constitutive (Isaac & Holloway, 1968) as are three of the five isoleucine-valine biosynthetic enzymes (Marinus & Loutit, I 969). Ornithine transcarbamylase, one of the enzymes of the arginine biosynthetic sequence has been reported to be 60 94 repressed by exogenous arginine in both P.JEuorescens and P. aeruginosa (Stalon, Ramos, Pikrard & Wiame, 1967) .
We have here investigated the factors affecting repressibility of ornithine transcarbamylase in Pseudomonas aeruginosa and their effect on the levels of N-acetyl-y-glutamokinase, Nacetylornithine glutamate transacetylase and argininosuccinase. A complicating factor in any investigation of the regulation of arginine biosynthesis in Pseudomonas is that some strains use arginine as a carbon source. An ornithine transcarbamylase in P. aeruginosa and P. yutida, which is not functional in biosynthesis in vivo and is induced by arginine, has been demonstrated (Stalon et al. I 967) . A preliminary characterization of the inducibility and properties of this enzyme was therefore necessary.
Feary, Williams, Calhoun & Walker (I 969) demonstrated seven transduction groups of arginine auxotrophs of Pseudomonas aeruginosa indicating a lack of close linkage of these arginine loci. We also report a similar analysis accompanied by identification of the enzymatic lesion for some transduction groups.
M E T H O D S
Bacteria. The organisms used were derived from Pseudonzonas aeruginosa PAO (Holloway, 1969) . The prototroph wild-type has the strain number PAOI (ATCC 15692). The various arginine requiring auxotrophs are listed in Table I (Hamilton & Dawes, 1959) . This concentration of citrate did not limit the growth rate and allowed exponential growth to 5 x 1oS organisms/ml. Arginine minimal medium (AMM) contained (w/v) Isolation of mutants. Arginine auxotrophs were isolated from strain PAO I as previously described for pyrimidine auxotrophs (Isaac & Holloway, I 968). Arginine bradytrophs are revertants of arginine auxotrophs and have a growth rate specifically limited by arginine availability (Novick & Maas, I 961). These were isolated as spontaneous, or EMS-induced (Fargie & Holloway, 1965) revertants of arginine auxotrophs. Bradytrophs were identified Arginine hiosynthesis iiz P. ueruginosu 429 by their mean generation time in CMM and in CMM supplemented with I m-arginine. Those mutants which were taken to be bradytrophs had a mean generation time of 55 min in arginine-supplemented CMM, and mean generation times in CMM varying from 100 to 720 min. The mean generation time of the wild-type PAOI in CMM was 55 min. The growth temperature of all cultures in this study was 37 "C.
Mean generation times. These were obtained from the logarithmic phase of growth curves of 20 in1 cultures shaken in 150 ml flasks carrying Klett-Summerson colorimeter tubes as side arms. Culture densities were determined periodically using a Klett-Summerson Photoelectric colorimeter Model 900-3 (filter no. 54).
Preparatioiz of bacterial extracts. Organisms were grown in 500 ml cultures in 2 1 baffled flasks shaken on a New Brunswick Gyrotory shaker. Growth curves showed that the conditions used were not oxygen limiting. Following inoculation to 5 x 10, organisms/ml, growth proceeded overnight and the cultures were harvested in exponential phase at between 60 and 90 Klett units (1.5 to 2-5 x 1oS organisms/ml). At harvesting, the cultures were cooled by rotating the flasks in ice for several minutes to help maintain as much of the cell mass as possible in exponential phase. Possible leakage of cells due to cold shock did not seem to be of consequence. The cells were sedimented at 13000g for 20 min, washed in 0.5 vol. of the original culture 0.1 M-tris-HC1 buffer, pH 7.5, and resuspended in 5 ml bufferlg wet wt. Bacteria were disrupted using a French Press operated at 20000 lb/in2. This resulted in a reproducible 95 0;6 loss of viability. Debris was removed at I 3 000 g for 30 min yielding a bacteria-free extract containing 5 to 8 mg protein/ml.
Determination of exogenous arginine. Residual arginine in culture fluid after harvesting was assayed microbiologically using an arginine auxotroph.
Enzyme assays
All incubations were at 37 "C; pH values quoted to this temperature. N-Acet?~l-y-glutanzoliinase (ATP: N-acetylglutamate 5-phosphotransferase) . N-Acetylglutamyl hydroxamate formation was measured using the reaction of FeCl, with hydroxamates (Baich & Vogel, I 962). The pH optimum for this enzyme in Pseudomonas aeruginosa was 9.0. Acetylglutamate (40 mM), ATP (10 mM), MgCI, (10 nm), neutralized NH,OH. HC1 (0.4 M) and tris-HCl (LOO mM), pH 9.0, were incubated for 30 min with 0-2 mg proteinlml. The reaction was stopped by 1.0 ml of 10% trichloracetic acid followed by 2.0 ml of 57;) FeC13.6H,0 in I M-HCI. Precipitated protein was removed by filtration and absorbance read at 540 nm. Since the response produced by acetylglutamyl phosphate is almost the same as that for acetyl phosphate (Udaka, 1966) , a standard curve with o to 4-0 pmol acetyl phosphate was used.
N-Acetylomithine glutamate transacetylase (N-acetylornithine: L-glutamate N-acetylfransferase).
This enzyme was assayed according to Udaka & Kinoshita (1958) . N-Acetylornithine(IomM), sodium glutamate (neutralized) (5 nm) and phosphate buffer (100 mM), pH 7.0, were incubated for 10 min with sufficient extract (approx. 0.5 mg proteinlml) to produce 0.04 to 0.10 pmo ornithine. Ornithine was estimated by a modified ninhydrin determination which is specific for ornithine, proline and lysine (Vogel & Bonner, 1956 ) and the absorbance was read at 450 nm to minimize interference caused by glutamate. A standard curve with o to 0.20 pmol ornithine in roo mM-phosphate buffer, pH 7.0, was used.
N-Acetylornithinase (a-N-acetyl L-ornithine arnidohydrolase, EC. 3.5. I .16) was assayed according to Vogel & Bonner (1956) except that incubation was at pH 7-5 instead of 7-0. Sufficient extract (0.2 to 0.4 mg) was added to produce 0-02 to 0-10 pmol ornithine in 15 to 20 min. The standard curve contained o to 0.20 pmol ornithine in IOO mwphosphate buffer, pH 7 3 .
Ornithine transcarbamylase (carbamoyl phosphate: L-ornithine carbamoyl transferase, EC. 2 . I .3.3). The biosynthetic activity was measured at the pH optimum of 8.7 using 10 mM-carbamoyl phosphate (dilithium salt), 10 mM-L-ornithine, IOO mM-tris-HC1, pH 8-7, and extract containing 0.01 to 0.10 mg protein/ml. The citrulline produced (0.05 to 0.20 pmol) after omi in was estimated by a modification of the method of Archibald (1944) . The reaction was stopped by vigorous mixing with 3-0 ml of an aqueous solution containing 10 % of H,SO,, 30 yo of H,PO, and 0-1 5 % of diacetyl monoxime. The colour was developed and read by the method of Archibald except that the mixture was boiled for 30 min. A standard curve with o to 0.40 pmol citrulline was used.
The activity of the degradative ornithine transcarbamylase was assayed at the pH optimum Of 7.5. This enzyme was activated by phosphate ions, optimal activation occurring at 4m-KH2PO,. The assay was as above except that the incubation mixture contained IOO mM-tris-HC1, pH 7.5, and 4 ~M-KH,PO,.
Argininosuccinate synthetase (L-citrulline : L-aspartate ligase, EC. 6 . 3 .4.5) was assayed by the method of Ratner (1955) ~ with citrulline being determined by the method of Archibald Argininosuccinase (L-argininosuccinate-arginine lyase, EC. 4.3.2. I> was assayed by the method of Ratner (1955) , with several modifications. Arginine deiminase, which results in production of citrulline from arginine was sometimes present, so it was necessary (i) to use the modification of Baumberg et al. (1965) of assaying for ornithine, and (ii) to assay at a pH which allowed minimal interference of arginine deiminase (pH optimum 6). Five mM-sodium argininosuccinate (prepared by treatment of barium argininosuccinate with Na,SO& IOO mM-tris-HC1, pH 9.0, 0.45 mg/ml of arginase (pre-incubated with 0.05 M -M~C~, at 55°C for 10 mh) and sufficient extract to produce 0.03 to 0.10 pmol ornithine (0.5 to 1.0 mg proteinlml) were incubated for 15 min. Ornithine was estimated as described above using a standard curve in IOO mM-tris-HC1, pH 9.0.
The arginase was freshly prepared each day and, concurrent with each assay, was tested for its ability to hydrolyse 5 mM-arginine completely. The arginase activity was measured by estimation of urea using the method for citrulline determination above but reading at 500 nm. Estimation of urea rather than ornithine was necessary because urea responds to the ornithine assay at high concentrations.
Unless otherwise stated, all assays were carried out with saturating substrate concentrations and initial rates of reactions were measured. Controls lacking either enzyme or substrate were included in all assays. Activities are quoted as pmol product formed/h/mg protein.
Protein was estimated by the method of Lowry, Rosebrough, Farr & Randall (1951) using bovine serum albumin Fraction V as standard.
Transduction procedures. These were those used by Isaac & Holloway (1968) .
Establishment of the arginine biosynthetic pathway in Pseudomonas aeruginosa
Using the method described previously (Isaac & Holloway, 1968) , a series of argininerequiring auxotrophs was isolated. These were tested for their ability to grow on several of the intermediates of the arginine biosynthetic pathway of Escherichia coli (Vogel et citrulline, barium argininosuccinate and arginine. The only substances eliciting a growth response from any auxotroph in media with a pH range of 5-0 to 7.0 were ornithine, citrulline and arginine. On this basis the mutants could be divided into three groups: those blocked before ornithine, those blocked between ornithine and citrulline, and those blocked between citrulline and arginine. It can therefore be inferred that in Pseudomonas aeruginosa the biosynthesis of arginine proceeds via ornithine and citrulline. Cell-free extracts of the wild-type were examined for activity of several enzymes involved in arginine biosynthesis in other organisms. Under the assay conditions described above, activity of N-acetyl-y-glutamokinase (enzyme 2), N-acetylornithine glutamate transacetylase (enzyme 5'), ornithine transcarbamylase (OTCase, enzyme 6), argininosuccinate synthetase (enzyme 7) and argininosuccinase (enzyme 8) could be demonstrated in wild-type organisms grown in CMM. Significant activity of N-acetylornithinase (enzyme 5) could only be demonstrated in organisms grown in the presence of arginine.
The three groups of auxotrophs identified by their growth responses were further classified on the basis of absence of enzymes demonstrated in the wild-type. Those mutants which responded to arginine but not to citrulline were divided into two groups, viz. those lacking argininosuccinate synthetase (PA0305, ~~0 3 0 9 , ~~0 3 I 2, P A O~ I 5, PAo367, ~~0 3 7 4 ) and those lacking argininosuccinase (PA0297, P A O~ 14, ~~0 3 6 2 , ~~0 3 6 5 , PA0370). As expected, the mutant ~~0 3 1 7 , which responded to citrulline and arginine but not to ornithine, lacked ornithine transcarbamylase activity. No mutants lacked activity of N-acetyl-y-glutamokinase or N-acetylornithine glutamate transacetylase so that the mutants blocked before ornithine (~~0 2 9 6 , ~~0 2 9 8 , PA0303, PA0307, ~~0 3 1 I , ~~0 3 6 4 , ~~0 3 6 6 ) must have a lesion in production of one of the enzymes I, 3 or 4. Neither cross-feeding between these auxotrophs blocked before ornithine, nor a growth response to N-acetyl-y-glutamate or N-acetylornithine could be demonstrated. Comparison of growth responses of the arginine auxotrophs of these two strains led to the proposal of at least seven transduction groups of arginine auxotrophs in P. aeruginosa.
The nineteen mutants of strain PAO used in this present study have been analysed with transducing phage FI 16 and found to fall into six groups. The procedure used has been to grow phage on each mutant as a donor and use each mutant in turn as a recipient. The production of prototrophic colonies at frequencies similar to that obtained when the prototrophic parent strain PAO is used as a donor, indicates genetic heterogenerity of the donor and recipient strains. Six transduction groups were identified by this means ( Table I) . Particular enzymatic lesions can be assigned to three of these transduction groups. The mutants blocked before ornithine can be separated into three groups and as wild-type levels of activity of both N-acetyl-y-glutamokinase (enzyme 2 ) and N-acetylornithine glutamate transacetylase (enzyme 5') can be demonstrated in all of these mutants, their enzymatic lesions must be in enzymes I , 3 or 4. These have not been further differentiated. (Table 4) . Fig. I indicates the probable pathway of biosynthesis of arginine in Pseudomonas aeruginosa with N-acetylornithine glutamate transacetylase catalysing the conversion of N-acetylornithine to ornithine. This in effect makes N-acetyl-y-glutamokinase the initiating enzyme of the pathway. The activity of this enzyme is strongly inhibited by arginine and citrulline, and to a lesser extent by ornithine ( Table 2 ).
Feedback inhibit ion of N-ace ty 1-y -glutam o k inase

The importance of the arginine degradative pathway during exponential growth
PAOI grows very efficiently (mean generation time 55 to 60min) on arginine as sole carbon source. Stalon et al. (1967) reported two enzymes with OTCase activity in a strain of Pseudomonas aeruginosa. One of these, assumed to be involved in degradation, has its level increased about threefold in the presence of exogenously supplied arginine (5 mM). To investigate repression by exogenous arginine in PAOI, it is first necessary to ascertain whether the degradative pathway in strain PAO is significantly induced under the conditions of growth used and to establish valid conditions for assay of the biosynthetic OTCase.
Arginine auxotroph PA0317 which lacks the biosynthetic OTCase function was used to investigate the conditions under which the degradative OTCase is induced. Under some growth conditions, strong induction of this enzyme occurred. Its activity in tris-HC1 buffer was enhanced by phosphate ions (4 mM) at pH 7.5, but it had no detectable activity at pH 8.7 so that the biosynthetic OTCase could be assayed in its presence. The low basal level of degradative OTCase was not increased by exogenous arginine in strain ~~0 3 1 7 growing in shaken, exponential phase cultures.
The eflect of exogenous arginine on levels of arginine biosynthetic enzymes
in the wild-type organism The levels of the arginine biosynthetic enzymes N-acetyl-y-glutamokinase (enzyme 2), N-acetylornithine glutamate transacetylase (enzyme 5'), OTCase (enzyme 6) and argininosuccinase (enzyme 8) in PseudomonaJ aeruginosa PAOI grown to exponential phase in CMM, and in arginine-supplemented CMM are shown in Table 3 . Only the OTCase level was affected, being repressed approximately sixfold at exogenous arginine concentrations greater than 0.3 MM.
The effect on the level of OTCase of growth on arginine as sole carbon source was studied. In PAOI growing exponentially on citrate ( I O~M ) as sole carbon source, the OTCase The efect of limiting exogenous arginine on levels of arginine biosynthetic enzymes in arginine auxo trophs Arginine auxotrophs required exogenously supplied arginine at I to 1-5 mM for nonlimited growth in CMM. Provision of 0.25 mM-arginine resulted in cessation of growth of most arginine auxotrophs at a culture density of about 50 Klett units (approximately 108 organisms/ml). To investigate the effect of arginine limitation on enzyme levels, organisms were harvested just prior to cessation of growth due to arginine limitation, and at varying times after the cessation of growth. Those organisms which were harvested while growth was still able to occur (at Klett 45-50) were considered not to be experiencing arginine limitation.
The arginine auxotroph, ~~0 3 0 7 , was harvested (i) before arginine had limited growth, and (ii) at varying times after growth had ceased due to lack of arginine. The levels of the four arginine biosynthetic enzymes investigated were constant under the different conditions of arginine availability (Table 4 ). The level of OTCase in the arginine auxotrophs, ~~0 3 0 7 , under conditions both of arginine limitation and non-limitation was the same as the partially repressed level found in the wild-type grown in CMM supplemented with arginine. The levels of OTCase in all of the arginine auxotrophs listed in Table I were found to be between 9 and I I pmol/h/mg protein under conditions of either arginine limitation or non-limitation, i.e. they were all within the range of the repressed level of OTCase found in the wild-type organisms grown in CMM.
No increase in enzyme levels under conditions of arginine deprivation was observed in any of the arginine auxotrophs. As derepression involves protein synthesis, the lack of variation in enzyme levels could have been due to an inability to synthesize protein because of lack of arginine. This possibility was examined by the use of slow-growing revertants or bradytrophs (Novick & Maas, 1961) of arginine auxotrophs, whose growth was limited by the availability of arginine, but which were capable of synthesising protein. A variety of bradytrophs was isolated in order to investigate variations in enzyme levels under different conditions of arginine availability.
Levels of arginine biosynthetic enzymes in bradytrophs grown under arginine limitation
is a bradytroph isolated following EMS treatment of ~~0 3 0 7 . The levels of arginine biosynthetic enzymes of this bradytroph were compared in bacteria grown in CMM and in bacteria grown in arginine-supplemented CMM (data included in Table 3 ). The levels of enzymes 2, 5' and 8 did not respond to changes in arginine availability. The level of OTCase, however, was increased fivefold under conditions of arginine deprivation, so that the derepressed level attained was the same as that observed in the wild-type strain grown in CMM. Similar results were obtained for PAOI043, PA01033 and ~~0 1 0 3 6 which are, respectively, bradytrophs of ~~0 3 6 6 (lesion before ornithine), pAO367 (argininosuccinate synthetase) and ~~0 3 6 2 (argininosuccinase). It was possible that the elevated level of OTCase observed in bradytrophs grown in CMM resulted from the selection of back mutants under these growth conditions; but this was excluded by testing cultures for bradytrophy at the time of harvesting.
The inability to demonstrate a higher level of OTCase in bradytrophs than that found in the wild-type in CMM suggests that this (60 ,umol/h/mg protein) may be the fully derepressed level. Attempts were therefore made to isolate regulatory mutants with constitutive production of OTCase. The conventional isolation method (Maas, 1961) of selecting clones resistant to the arginine analogue, canavanine, was not possible as P A 0 in insensitive to concentrations of canavanine up to 2 mg/ml in either solid or liquid CMM, or, following the method of Calhoun & jensen (1972) , in fructose minimal medium. Arginine regulatory mutants were also sought unsuccessfully by the method of Jacoby & Gorini (1967) , i.e. by selection for conditionally streptomycin-dependent (CSD) mutants of streptomycin-resistant derivatives of the OTCase mutant ~~0 3 1 7 .
Response of levels of arginine biosynthetic enzymes to increased endogenous arginine
The assumption that the level of endogenously produced arginine found in the wild-type grown in CMM does not affect expression of the OTCase structural gene is inherent in the proposal that the OTCase level under these conditions is the fully derepressed level. The effect on the OTCase level of an abnormal increase in the level of endogenous arginine was examined. In strains whose growth rate in exponential phase is limited, relative to the wildtype, by a factor other than arginine availability, accumulation of intracellularly synthesized arginine should result. The effect of this increased endogenous arginine is shown in Table 5 . These data indicate that, above a certain level, endogenous arginine is effective in reducing the level of OTCase.
D I S C U S S I O N
The pathway of arginine biosynthesis in Pseudornonas aeruginosa resembles that of Micrococcus glutamicus (Udaka & Kinoshita, 1958) rather than that of Escherichia coli (Vogel & Bonner, 1956) in that N-acetyl-y-glutamokinase is effectively the first enzyme. The feedback inhibition of this enzyme in P. aeruginosa by the three products ornithine, citrulline and arginine, provides a mechanism for limiting utilization of glutamate and for decreasing the levels of the other substrates in the pathway. Because of the structural similarity of the three effective compounds, it is likely that they all act, with differing affinities, at the same site on the N-acetyl-y-glutamokinase molecule.
Repression by arginine occurred only for OTCase and not for the other three enzymes examined. Three different levels of OTCase were demonstrated under varying conditions. The maximum level of about 60 pmol/h/mg protein occurred in the wild-type strain grown on CMM and also in arginine bradytrophs grown under conditions of arginine limitation. Exogenous arginine in the presence of another carbon source such as citrate resulted in a sixfold repression of OTCase both in the wild-type and in arginine bradytrophs. This level (10 ,umol/h/mg protein) was also observed under conditions both of arginine excess or deprivation for all arginine auxotrophs (except, of course, the OTCase-deficient mutant ~~0 3 1 7 ) .
Significantly greater repression (100-fold) occurred with arginine as the sole carbon source.
The level of OTCase in the wild-type in CMM appears to be the fully derepressed level as it is also the level found in arginine bradytrophs with a growth rate severely limited by arginine availability. To confirm this view it will be necessary to isolate regulatory mutants which show constitutive synthesis of OTCase.
Sercarz & Gorini (1964) reported that for a hybrid strain of Escherichia coli K I~ and E. coli B only exogenous arginine is effective in repression, while endogenous arginine is employed for protein synthesis. They suggested that this represented an extreme case of the normal situation in the parent strains in which there is compartmentalization of endogenous and exogenous arginine but rapid exchange between these compartments. In the mutant hybrid, Sercarz & Gorini suggested that the route of conversion is blocked, so that exchange between the two compartments can occur only at relatively high levels of exogenous or endogenous arginine.
The apparently fully derepressed level of OTCase observed in the wild-type organism in CMM and the repressed level of OTCase in arginine auxotrophs can be explained if a similar situation exists in Pseudomonas aeruginosa. It appears that the level of endogenous arginine in the wild-type growing in CMM is too low to be effective in repression, but when the growth rate is limited by some other factor, the relative increase of endogenous arginine results in partial repression of OTCase. However, exogenous arginine appears to be effective in repression even at quite low levels. The repressed level of OTCase observed for arginine auxotrophs can be explained if it is assumed that, as the external supply of arginine is depleted below the level effective in repression, these auxotrophs are unable to synthesize protein because of a lack of endogenous arginine. They are therefore unable to respond to arginine deprivation by an increase in enzyme synthesis. Bradytrophs of such mutants, however, which are capable of some endogenous arginine synthesis, respond to arginine limitation by an increase in OTCase synthesis.
The increased repression observed when arginine is present as sole carbon source could be due to an increased intracellular concentration of arginine when it is being utilized as a sole carbon source. This may result from increased levels of an inducible perniease under these conditions.
The lack of variation in levels of N-acetyl-y-glutamokinase, N-acetylornithine-glutamate transacetylase and argininosuccinase is comparable to the lack of variation of levels of phosphoribosyl anthranilate isomerase in the tryptophan biosynthetic pathway in Pseudomoizas putida (Crawford & Gunsalus, 1966 )~ and of some enzymes involved in pyrimidine biosynthesis (Isaac & Holloway, I 968) and isoleucine-valine biosynthesis (Marinus & Loutit, 1969) in P. aeruginosa. In this respect, the control of arginine biosynthesis in P. aeruginosa resembles that reported by Middelhoven (1969) for Saccharomyces cerevisiae in contrast to that found in E. coli ~1 2 and Proteus mirabilis for which pathway-wide repression has been demonstrated. This work was supported by a grant from the Australian Research Grants Committee. We wish to thank Mrs Miriam Wajnstok and Mrs Sue Batterham for competent technical assistance.
